Professor SALOMONSON: The high tension transformer has in many cases taken the place of the induction coil in the Rontgen laboratory. This is nearly always to be found when an unlimited supply of electricity is available, either in the form of the continuous or of the alternating current. Only for purely thegapQutic purposes the induction coil still largely maintains its original position of supremacy over the closed iron-circuit transformer. If we try to find why this should be, we have to consider many questions. The first is the problem of the very-high-tension generator. In radio-therapeutics the required tension is generally extremely high; we want to use only the most penetrating X-rays.
In the induction coil we have a double transformation, first, from a low tension interrupted direct current to a higher tension alternating current. This is properly a deferred transformation. Secondly, this alternating current -of peculiar form is transformed into a pulsating current of extremely high potential. The first transformation asks only for an insulation of the primary circuit to stand some 2,000 volts. The second transformation needs an insulation of the secondary circuit of at least 200,000-300,000 volts according to the spark length, the transformation ratio being something between 150-300. With the closed iron-circuit high-tension transformers we have generally a rate of transformation of between 600-1,200. If it had to be used for therapeutical work and especially for deep-seated radiations we must be able to get at least 250,000 volts from the secondary terminals. This means nearly always a very large number of secondary windings to be compressed in a narrow space. The difficulties of a satisfactory insulation become very great so as to render such an instrument a very costly one, much more costly than an induction coil where the secondary windings can be distributed over a much larger space. A break-down of the insulation means costly and difficult repairs with both instruments, but, just as an induction coil can easily be produced at less than half the price of a high-tension transformer, so it is also with the costs of repairs with both instruments. Though a few radiologists seem to prefer the transformer to the induction coil for therapeutic work, I feel sure that the induction will, not be supplanted by the transformer for the production of very penetrating X-rays. As in radiography we need only very penetrating rays in metallo-diagraphic work, we can expect that for general radiographic and radioscopic work the transformer will be preferred. voltage of 100,000 volts does not present too much difficulty; it meets every requirement in general work except the production of the most penetrating rays, and in its present form a break-down of the insulation but rarely occurs. If we use it in preference to an indtction coil we have only to consider its efficiency. Of course, there are some minor points, as the ease of working it, the form of the secondary current waves and so on, but I think all these points are of secondary interest. The question of the wave form has still some interest with gas-filled tubes but not with the Coolidge tube. Then only the question of efficiency remains. A few years ago I read a paper before the Rontgen Society in which I demonstrated some methods of measuring the efficiency of an induction coil. I could also give a few figures for the efficiency. Later on I have worked out another method, which, I think, is a distinct improvement on the former methods. The whole secondary output was again transformed into heat, and the number of calories generated per second was carefully measured. The resistance in these experiments was simply a, glass tube through which water flowed in a steady current. The temperature of the water was taken before and after the passage of the secondary electric current as soon as a state of thermal equilibrium was reached. Ordinary mercury thermometers could not be used as they were spoiled by internal glow-discharges. Therefore I had a series of alcohol-filled instruments made in Amsterdam divided into one-tenths of a centigrade and very carefully calibrated. The construction of these instruments caused some difficulty as the divisions were not equally distant in different parts of the scale. But after some trouble I got a set of instruments agreeing well within 01' C. with a standard mercury thermometer over the whole scale. The measurement of the water-flow also proved to be less simple than I thought at first, but it was also worked out in a very simple and reliable way. The correction for loss of temperature during the experiment proved to be very simple. With this new apparatus, which was entirely insulated from the earth, and in which any desired resistance could be inserted with the greatest ease by putting in a new glass tube of appropriate dimensions, I measured the secondary output of some induction coils under different working conditions, whilst wattmeter-readings were taken about the input. As the primary and secondary currents were measured with hot-wire instruments the copper losses could be taken into account. For the high-tension transformer I was able to use a much simpler method. The secondary terminals of one transformer were connected to the secondary terminals of another transformer. In this way the first transformer was used as a step-up transformer, the second as a step-down transformer. The input of the first and the output of the second one were both measured with a wattmeter on the low-tension side. A hot-wire milliammeter was inserted in the high-tension circuit; and instruments of the same kind in both low-tension circuits. The resistance of the primaries and secondaries being known the copper losses could be calculated. The iron losses were calculated on the base of an equal division between the two transformers. I have also used this method with three induction coils. I shall now just give a few figures for alternating cArrent 50 p.s.: With the transformers the efficiency is not quite so large as we might expect, but both instruments belonged to the very first ever made for Rontgen work. In both the quantity of iron is considerably less than we might expect in a 4-kilowatt transformer. I suppose that the newer transformers, which are now regularly made and supplied everywhere would yield better results, otherwise the figures are normal in this respect, in that they show a better efficiency with a higher input. With a quarter load these are still appreciably better than 85 per cent. With the induction coils the results are more irregular, and I have not been able to trace the cause for it. The smallest coil gave the best results. Probably this coil was loaded up to its fullest capacity whereas the instantacoil was hardly loaded to more than half the maximum capacity and the large Siemens coil to not more than perhaps a quarter load. Perhaps we have also to consider the fact that the last-named coils were much better insulated so as to be able to give at least a 16 in. spark. The Siemens coil is used every day during at least four hours, working on a very hard Rontgen tube with a parallel spark of more than 12 in. The induction coil used as a transformer has an efficiency of between 075 and 081. But we hardly ever use a coil in this way: it is practically always fed with an interrupted current. And in this case we get very different figures, depending on the way the coil is used. If the coil works on a water resistance, absorbing both the secondary impulses, the closing as well as the opening impulse, I found the figures given in Table II . 
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The instantacoil with its large iron core gives better results than the smaller coil, the mean figures for the larger coil being 077, for the smaller coil 070. With the Morton rectifier in the secondary circuit I found the following figures. All these figures were obtained at the primary and secondary terminals, and represent the efficiency of the coil alone. Therefore they are somewhat misleading: we ought to consider the coil together with the interrupter. Then we find for the Max Kohl coil: 
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The efficiency is better with a high rate of interruptions than with a smaller number. The smaller the current broken in the interrupter, the better the efficiency of the combination. A very large amount of energy is absorbed in the interrupter, and the more so the greater is the current strength at the moment of the interruption. I suppose that especially with stronger currents a short arc is formed at the contact which absorbs a good deal of the primary energy. It does not seem improbable that some means might be found to lessen these interrupter losses.
Professor FORTESCUE: It was with some reluctance and trepidation that I decided to accept the invitation to take part in this discussion. As a radiologist, my experience is practically nil, but I have been in touch with developments in the last few years that may have a great influence on the future of radiography. The papers of Dr. Reginald Morton and Major Phillips have brought out one outstanding point-viz., that for practical X-ray work the demand is for the highly penetrating rays, which are produced by the quantity of electricity which passes through the tube at the high voltage.
They have shown us that it is useless to pass a large quantity of electricity through the tube if the voltage is low: it only leads to over-heating.
Whether we use a coil or a transformer, some part of the discharge is at a high voltage, and some part at a low voltage: but if we use, by a method which has been developed recently for wireless telegraphy purposes, a hot filament rectifier and a condenser, I think it is possible that the whole discharge through the tube-at any rate through a Coolidge tube-could be at the high voltage. There was a point raised by Mr. Russell Wright, that the low voltage discharge was also essential, but that point I am not in a position to discuss: I can only suggest methods whereby for a Coolidge tube a high voltage discharge can be obtained. For wireless purposes, we have latterly used for the generation of high voltage direct currents from alternating current supplies, a circuit, shown in fig. 1 , which is taken from a paper I have previously given before the Physical Society of London.! The rectifier is almost the same as a Coolidge tube. F is a heated tungsten filament, supplying us with a source of electrons, and P is the plate to which those electrons will pass when that plate is at a positive potential with respect to the filament. C is a condenser, on one side of which the positive charge collects after the passage of the electrons. On the other side of it will be the corresponding negative charge. ' Proceedings Phys. Soc., vol. 31, v, August, 1919. at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from
The action of the rectifier is as follows: The filament is surrounded by a mist of negative charges and during the half cycle of the alternating voltage, when the plate is positive, by the ordinary rules of the attraction of a positive body to a negative body, that charge will be drawn away and will pass across the very high vacuum space between the filament and positive electrode. In the course of the alternating cycle in which the plate is negative, the action of the negative plate on the free electrons round about this filament is one of repulsion, and consequently no current will pass so long as the vacuum is high enough to prevent a discharge of the usual kind. The result is that in spite of the alternating nature of the power supply, negative charge will be lost from the upper plate of the condenser, which will be equivalent to giving that plate a positive charge. Fig. 2 shows, diagrammatically, the action which takes place. The round shaped wave is the wave of the voltage given by the transformer. The full line which is zig-zagging across the dotted line is the voltage that is available as a steady, or nearly steady, supply from the condenser C in the previous figure. When the voltage of the alternating current rises above this steady value, there will be a conduction of current through the vacuous space inside the tube. t The curve of fig. 3 gives some idea of the actual tube efficiency which can be obtained with a rectifier of this kind. It will be noted that it is possible, by a suitable proportion of the variables-which I have not time to explain now-to obtain something like 85 per cent. in ordinary wireless practice. That practice is a lower voltage practice than radiologists require. At the voltage with which radiologists work, that efficiency could be taken up to the order of about 90 to 95 per cent.
I suggest that this is a possible means of securing a steady high voltage supply for use with a Coolidge tube.
There is a difficulty, which I have no doubt will suggest itself to many minds, and that is, that the tube itself is subjected to the voltage of the condenser, plus the half-wave of the transformer when the latter is in the non-conductive direction. This is a very severe strain on the insulation. I understand that a very large number of radiologists make use of the Snook machine, and it is conceivable that with the combination of rectifier valveand by the term "valve," I mean a high vacuum hot kathode valve, not the gas valve which has been already spoken of-and Snook machine, that difficulty would be overcome, and there would be available a source of current which would be operative at a constant voltage, and not at the variable voltage given by the Snook machine as used in the ordinary manner, or as given by an induction coil.
Major Phillips remarked that he hoped that no one would say that "America is doing it." I am afraid, however, that with all deference to Major Phillips, I must point out that in America, in 1915, hot filament rectifying tubes were in use capable of rectifying as much as 200 ma., and working in 180,000 volt circuits. The experience I have had personally of rectifiers for this purpose does not go as far as that, or anything approaching it. The highest voltage I have had occasion to work with is what would be regarded as ridiculous by radiologists, namely 7,000 or 8,000. In the course of that experience I have never heard of a rectifier tube which gave any trouble owing to the high reversed voltage. Trouble had occasionally occurred owing to the valves being overloaded in the conductive direction, but that was easily overcome and would not be a serious difficulty for X-ray work. One further point arising from the demonstration which Mr. Wright has given to-day. The "brushing" from a high-voltage supply is a difficulty which every wireless engineer has been up against, and I w~ould suggest to the Electro-Therapeutical Section of the Royal Society of Medicine that they should discuss this question of high voltage and brush discharge with wireless engineers who have to deal with voltages of 100,000 under very adverse conditions. The difficulty is overcome to a great extent by a careful study of the elementary laws of the electric fields.
Major G. W. C. KAYE: I would like to point out to those of you who are not radiologists how the present situation has arisen. X-rays were discovered by a physicist; they were promptly handed over to the medical profession, not all of whom sought that co-operation with the physicist which might have been good for both parties. Latterly, I think, the situation has changed for the good, and the position now is, that radiology is hampered by lack of units and standard methods of measurement. There is, for example, no kind of standard or unit of radiation. The Rontgen Society is devoting some attention to that matter, and perhaps we shall hear of a solution before long, but we have not got a practical unit at the present time. The radiologist's methods of measuring current through the X-ray tube are, as has been pointed out already, extremely ineffective. He does not as a rule know the wave form either of voltage or of current. Again, not one radiologist in a hundred ever takes the trouble to measure properly the voltage across his tube. The average radiologist does not know sometimes within several hundreds per cent. what voltage he has on his tube, contenting himself, as he does, by measuring the spark between points. As the American Institute of Electrical Engineers has shown, the ordinary point gap may be 300 or 400 per cent. in error as regards voltage, at any rate on large gaps. They have also shown that if you want to measure high voltages accurately the handy way is to use a sphere gap, and you must use spheres as big as the maximum gap you are going to employ. I doubt if there is a radiologist in Great Britain who is doing anything like that. Very few of them, even, are using sphere gaps. I have gone into the question of measuring peak-voltages on sphere gaps, and I found that Dr. Russell had anticipated all that I could have thought of doing in that direction. I hope, in a written contribution to to-night's proceedings, to take advantage to some extent of Dr. Russell's work and to cast a very good sparklength formula that he has given into tables for the use of radiologists; but I do not propose to go into the question in detail in these spoken remarks.
What the radiologist does need more than anything is the co-operation of the physicist and of the electrical engineer, who are used to precise measurements. We shall never make much progress unless we can get them interested in radiology, and that is what I hope will emerge more than anything out of to-night's meeting.
In conclusion I would like to point out that the kind of efficiencies we are using in the X-ray world are such as to appal the electrical engineer. You start by using either a transformer or a coil-a transformer with an efficiency of the order of 90 per cent. or a coil with an efficiency of the order of 50 per cent. The efficiency of an X-ray bulb is something of the order of one part in a thousand. In a coil-driven tube I suppose something like 20 per cent. of your rays are useful rays; the rest are of no good to you; in the case of a transformer-driven tube perhaps 10 per cent. is a fair figure. So with either method of exciting the bulb, your final efficiency is something of the order of one part in ten thousand. It is time for us to put our heads together and improve that state of affairs.
Dr. A. E. BARCLAY: It is common knowledge among X-ray workers that the current from the high tetlsion transformer differs widely from that produced by the coil. The heating of the tube by the high tension transformer is out of all proportion to the X-ray output; and the milliamperage through the tube is no indication of the efficiency and character of the discharge from the tube. From high frequency apparatus connected to the high tension transformer the discharge is almost entirely of a brush character. There is an extraordinary tendency for the high tension transformer current to leak and char such substances as vulcanite. I have brought a series of records of the impulses from various types of X-ray apparatus, made by passing a double-coated film rapidly below a slit in a sheet of lead above which the X-ray tube is in operation. The rate at which the film is passed through, by hand, increases in each case, and you will note how the gap between each impulse widens out in consequence of this.
The records show that the impulse from the coil actuated by a mercury break give instantaneous radiographs with a time factor that is too infinitesimal to show even when the film is travelling at the rate of 40 ft. a second. Good records were obtained even with i ma. passing. In the high tension transformer records the wave nature of the impulse is well shown, and, also the fact that the time factor.during which the tube is in operation is very considerable. The efficiency of the small impulses from a 10-in. coil is most marked, and suggests that it is the sharpness, the bang, of the impulse that is responsible for the comparative efficiency of the discharge in comparison with that of the high tension transformer. In the case of the latter machine the suggestion is that it is the duration of time during which the current is passing that is responsible for the heating of the tube. The comparison of milliamperages obtained from the coil and the high tension transformer is no guide whatever to the efficiency of the two types of machine: milliamperage is a complete fallacy in X-ray work as a guide to efficiency. (A) Dipper break. Impulses at the rate of about ten a second, 1 ma., from a coil of 16 in. Note the sharpness of the outline of the slit which is almost, if not the actual size of the slit in the lead. As the speed increases -( fig. 1, B) the width of the slit does not widen out, although the film was travelling at the rate of 40 in. a second. Even at this speed each image is sharply defined and is not appreciably widened out. (Flaws on the film.)
Motor magnetic break, 10 in. coil, 12 volts, j ma. As the speed of the film increases the width of the image does not widen out at all. Note that some of the impulses are more powerful than others.
FIG. 3.
Motor magnetic break, 10 in. coil, 70 volts. The slit was irregular, but the shadow is exactly similar in character to the results in fig. 2 . It shows how the impulses are "staggered" by the overloading of the voltage, giving a poor impulse.
FIG. 4.
Dreadnought break, 12 in. coil, 1 ma. The break needed cleaning and was missing impulses. Nevertheless eacb impulse is as sharp as with the other types of mercury break.
FIG. 5.
Gunstone apparatus, 10 ma. Note the fairly sharp nature of the impulse and that there are several secondary impulses following (presumably from the condenser). If the film had passed through more rapidly these shadows would have been spread out further. High tension transformer, 40 ma. Note how each impulse indicates the apex of the wave character of the impulse-i.e., works up to a maximum in the middle of the impulse. Also note the very marked time factor in each shadow. The width of the slit in the lead may be gathered from the narrowness of the first bands as the film moves comparatively slowly. The same remarks apply to fig. 7.
FIG. 7_
High tension transformer, 43 ma. The impulses widen out as the speed of the film increases. The slowly gathered impulse and the fading away of each shadow show more distinctly the faster the film is passed through below the slit. There is one feature of this film which calls for comment-there are streaks across in various parts of the band, and exactly identical streaks were noted in another record in which an aluminium filter was interposed. These bands were not noted in any other of the records.
Mr. R. C. CLINKER: There are several points in Dr. Morton's paper in which I was very much interested purely as an electrical engineer. I have had very little experience of X-ray apparatus for medical work-only, in fact as a sort of side line-but as an electrical engineer there are several things that strike me iaconnexion with the papers. With regard to the question of what is shown by the oscilloscope, I should like to know whether it is intended to show the voltage or the current that is supplied to the tube. It seems to me that it is very necessary to separate the meanings of the words " voltage " and "tcurrent " before we can get any clear idea of what we want. I notice in part of Dr. Morton's paper that he first uses the word " current " then he uses the word " voltage," and then later on he uses the word " current " again. For instance, fig. 1 , on p. 76 shows a very high peak given by the coil in the positive direction, followed by a small peak in the negative direction. If that is voltage produced by the coil I do not think it can be correct, because there is one thing we can say definitely about the induction coil, and that is, that the area of the voltage wave on the positive side at " break " must be equal to the area on the other side at "make." I do not say the maximum, I say the area. The maximum at " make" is, of course, very much lower, and you require it as low as possible.
There is a further point with regard to the comparison that Dr. Morton shows between the induction coil and the transformer that I should like to mention. I made a little experiment a year or two ago with a Coolidge tube supplied with an alternating current source with a synchronous mercury interrupter, and it gave a very interesting result, which I think perhaps is rather to the point in the comparison between the induction coil and the transformer, although it was a coil only that I was using. I started the apparatus up and I first connected it to the tube in the correct direction, that is to say, when the " break " occurred the target was made positive. The current through the tube was 2i ma., and there was a bright illumination of the fluorescent screen. Then I reversed the primary current, so that the make voltage was applied to the tube in such a direction as to make the target still positive. The result was that 10 ma. passed through the tube in the correct direction, but there was no illumirnation at all upon the screen. That shows very clearly the difference between a very high peak wave and a wave of a very low peak, but lasting much longer. You have four times the mean current passing through, yet you have absolutely no illumination at all, whereas in the other case, with the smaller current, you get a bright illumination. I was using a Coolidge tube in which I could of course adjust the filament current to any desired extent, but the readings were taken at the same heating. There is an additional fact, which, I think, illustrates in a different way Dr. Morton's point-namely, that a Snook type of apparatus, with rotating rectifier, with which I am acquainted, gives no screen illumination at all below a 2 in. gap, and I take that to mean that the voltage does not help medical men until it gets far above that gap. So that what you want is a high voltage, and you want your current through the tube to be passed at that high voltage. Professor Fortescue has already described the very excellent method of getting that high voltage by means of a valve, and I should like to add a few remarks to what he has said in that respect. If accurate measurements are to be made, and you have this high voltage continuous steady current applied to the tube, you want to get rid as much as possible of the ripples, and in order to do that it is necessary to use a high frequency generator of 1,000 or 2,000 cycles per second; otherwise, if you only use a 50-cycle supply you will find that your " smoothingout" condensers and inductances are of undue size. On the other hand, if you use 2,000 cycles you can produce an almost uniform voltage. Having got a voltage that you can regulate between zero and, say, 150,000, the only other thing to do is to adjust your tube to pass the required current, and that will give you all the results you want for the present (until we get the 600 milnion or so volts that have been referred to! ) I was rather surprised that the question of gaps was not touched on in the paper. Major Kaye has alluded to that point, and I should like to add a few further remarks to what he said. I should like to ask Dr. Morton whether the comparisons between the induction coil and the transformer have all been made at the same maximum voltage, because, if so, one cannot help thinking that the transformer and the rectifier give a larger quantity of X-rays than the coil. If you have the same maximum voltage, the rounded shape of the transformer wave gives you a longer-time at or near that high voltage than the coil which gives you a peak potential. No doubt there is a lot at the lower part of the wave which is useless, but there is also a great deal more at the top part of the wave. Supposing these voltages are measured with a spark gap, do we get that comparison? It depends entirely on the type of spark gap used. As Major Kaye said, it is useless to use a point gap if you want a strict comparison. You want to use a sphere gap which has a very small time lag. The voltage at which a pointed gap discharges depends upon the rate of rise of potential. If you have a low rate it will go over at a low voltage, and.it does not give you a comparison of the maximum voltage in the two cases of coil and transformer. I am convinced that the sphere gap is the thing you want.
Mr. Wright referred in his paper to the question of the shape of the wave. He said that you could obtain a more peaked wave by using a resistance in series with the transformer. I think he is right, and that that is the direction in which one should work. Major Phillips referred in his paper to a paper by Messrs. Barr, Beeton and Taylor published in the Electrician dealing with the question of changing the shape of alternator wave forms. I remember that very well. They injected into the wave a capacity or inductance in order to get what shape they wanted. It is quite probable it can be done in that way, but I think a great deal can be done by working your transformer at a very high magnetic density in the core and using a resistance in series with it. You can get a very high peak in that way. It often happens that in ordinary electrical engineering we have to avoid the very thing which it is necessary to obtain, either in wireless telegraphy or in medical work. When we test insulation by a transformer we always try to avoid having to regulate the current with a resistance in the primary circuit, because you get a high maximum which is difficult to measure on a voltmeter, but for your work I think that such a transformer, with a high density in the core, placed in oil, and regulated with a resistance, would give you as good a result as the coil. There is one final word I want to say on the question of the measurement of peak voltage. There are methods by which it is possible to measure accurately the curve of your peak voltage, but they require. considerable precaution to insure accuracy. I refer to the use of a hot cathode high vacuum valvethe type that Professor Fortescue spoke of. In-doing some work during the war on Section of Electro-Therapeutics 119 magnetos, I used that method for voltages up to 15,000 or 16,000. A paper has been published by Messrs. Campbell and Patterson on the precautions necessary in using that method, which consists in putting your valve in series in an electrostatic voltmeter. When the voltage rises to the peak the charge goes through the valve to the voltmeter; when it falls the charge cannot go back. I found that a very reliable method of measuring the maximum, and if research is undertaken, that is the method which should be used.
Dr. E. A. OWEN: We are dealing in the X-ray tube with two main factors,. namely, the voltage and the current. The voltage on the tube determines the wave-length and the current determines the intensity of the radiation. Both these factors, in my opinion, are important in radiography. The form of thevoltage curve given by an induction coil is similar to that represented diagrammatically in Dr. Morton's paper-there is one prominent peak, followed by a series of smaller ones. It has been shown experimentally by Professor Taylor Jones that the X-rays are given out at the same time that the high peak is reached. No impression is obtained on the photographic plate corresponding to the smaller maxima of the voltage curve, so that this part of thecurve does not serve any useful purpose in the production of radiation. In fact, the current passing through the tube during this time only serves to heat up the anticathode, and for this reason it should, if possible, be entirely suppressed. This is partly done in certain rectifying devices where a spark between two points or two spheres immediately follows the discharge through the tube. Dr. Morton suggests, in his paper, that the efficiency of an apparatus for the production of X-radiation, should be measured by the radiological result obtained from a given number of milliampere-seconds on a pastille. This was done by Levy some time ago (see RBntgen Journal, January, 1917), and it may be of interest to quote his results here. The intensity of the radiation emitted by a bulb was measured by the rate of change of colour of a pastille of barium platino-cyanide, and the current passing through the tube was read on a moving coil milliammeter. There are objections to taking the indications of the milliammeter as a measure of the current through the tube, since the readings of the milliammeter depend upon the current wave form, and this is not the same for a coil as it is for a transformer. Levy found, with the coil outfit at his disposal, that the milliampere-minutes required to change the colour of a pastille to a given tint increased rapidly with increase of current through the tube, whereas, with the interruptless transformer the milliampere-minutes required to turn the pastille to the same tint were practically constant for all currents through the tube. The comparison was made with a Coolidge tube under definite conditions as to equivalent spark gap and distance of pastille from the anticathode of the tube. The curves showed that up to 3 ma. through the tube the coil was more efficient than the transformer, but for higher currents the latter was by far the more efficient. Some experiments carried out quite recently at the National Physical Laboratory on the measurement of X-ray intensity by means of barium platino-cyanide pastilles,.
corroborate Levy's results with the coil outfit. In this case a standard Coolidge tube with tungsten anticathode was excited by a Watson 16 in. induction coil, the current through the primary of which was interrupted by a Sanax mercury break. The following results were obtained with the Sabouraud-Noir6 pastille placed at 103 cm. from the anticathode. The figures in the table give the -times of the B dose corresponding to certain values of the equivalent spark gap (between point and plane) and current through the tube as measured by an ordinary milliammeter. The other conditions, such as rate of interruption of primary current (about 88 interruptions per second), time of contact, &c., were kept constant.
CURRENT SPARK GAP (between point and plane) 5 cm. The table shows the futility of increasing the current through the tube ;above a certain value. For instance, with a spark gap of 15 cm., when the current is increased from 4 ma. to 12 ma., the time of dose changes only from 2'5 minutes to 1'9 minutes, so that in this particular case when the current' through the tube is trebled, the time of dose is only reduced by one-quarter of the time of dose with the smaller current. In the case of the transformer, however, under the same conditions we would find, according to the results already mentioned, that if 4 ma. through the tube require 2'5 minutes to change the colour of the pastille from tint A to tint B, then for 12 ma. it would require approximately O'8 minute; that is, the number of milliampereminutes would be the same in each case. It has already been pointed out that the coil has an advantage over the transformer in that it has no moving part, and furthermore the wave-form of the coil discharge is very suitable for the production of X-rays. The accessory to the coil, namely the break, is however a source of trouble. I believe there is room for great improvement in this part of the coil outfit, and it is a point which should be attended to without delay if the coil is to hold the field with the transformer. Until quite recently therewas no satisfactory theory to account for the performance of the induction coil, but lately a theory has been put forward by Taylor Jones from which deductions have been made which agree remarkably well with practical results. The application of this theory to practice should lead to important developments in coil design.
Section of Electro-Therapeutitcs
Dr. G. HARRISON ORTON: I have a few remarks to make as a mere radiologist. It is, indeed, a resuscitation of the old, old story. The race between the coil and the transformer has been running for so long a time that one is beginning to wonder whether either of them will ever reach the winning post, but I hope at least that the discussion to-day will give us some information which will help to develop further this important science of radiology. Dr. Morton, in his paper, says, The cry of the radiographer was still for more milliamperes," and it seems to me that this cry has probably been one of the chief obstacles in the path of advancement. It must be evident to all who have studied the matter that the milliamperemeter is a very misleading instrument, and is really no reliable guide to the amount of useful radiation. We say a transformer is not so efficient as a coil because the 60 ma, from it are only equal to, say, 30 from a coil, and so on. Is this correct? Why should we assume that the milliamperemeter reading on a transformer current indicates the same thing as that of a coil current ? Speaking from practical experience, it is evident to me that it does not, but I will leave it to others to explain this. The maximum impulse from a coil is of extremely brief duration, much more so than that from a transformer-so brief in fact that the milliamperemeter as at present constructed is incapable of recording it. I would suggest that if the true milliamperage of a coil current could be measured it would be found that its output in proportion is less efficient than the transformer; the milliamperemeter in the case of a coil records probably less than half of the true current. Again, Dr. Morton assumes from his experiments that the curves from a transformer and from a coil are very different, but I am inclined to doubt that also. I would suggest that the curve in the case of the coil is of such brief duration that its characteristics cannot be properly gauged from what can be seen on a rotating mirror. It is an undoubted fact that a very hard tube is not good for radiography. What then is the use of the extra height of the coil curve, and at what point on this curve do we get the most useful radiation ? Surely the peak is of value only when we are using a very hard tube, as is the case in radiotherapy. If, then, we are agreed that a hard tube is not required for radiography, why is the top of the transformer curve of less value ? With regard to the extra heating effect of a transformer current, may not that be explained by the fact that in the case of the transformer there is a shorter period of rest, so to speak, between each curve ?
The explanation of the superiority of the coil over the transformer, Dr. Morton says, has puzzled many radiologists, few more than himself. I admit it is very difficult I might say almost impossible-to explain a superiority which probably does not exist, for I firmly believe that, if again we can only bring ourselves to disregard the milliamperemeter, or at any rate not assume that that instrument is recording the same thing when connected to a transformer circuit as when connected to a coil circuit, and judge by the effect, say, on a photographic plate, we shall find that this assumed superiority of the coil is non-existent. It is true that the potential of a coil capable of bridging 12 in. or more of air is enormous, but, when we connect this to a tube that does not JY-EL 4 1Discussion on the High-tension Transformer require more than, say, a 6 in. gap, does this total potential come into play, and are not the potential of a coil and the potential of a transformer operating a tube of similar spark gap practically the same ? Does not the potential drop to the requirements of the tube.? If not, what does happen ? Why does not the current bridge the 12 in., or, say, even the 6 in. gap ? In other words, is not the high voltage impulse of a transformer sufficient for radiography, and is not the useful part of the coil wave somewhere between its highest and lowest points ? In the case of therapy our arguments are quite different. There we require the most penetrating rays we can get, and no doubt the peak of the wave is the most useful part of it. Personally I do all my therapy with a coil and radiography with a transformer, and it seems to me that that gives the most satisfactory results at the present time. The bulk of the transformers in this country will not stand the constant overloading necessary to obtain suitable rays for deep therapy-though I have no doubt they can be constructed if necessaryand it is more difficult to get a transformer repaired and replaced in a short time than a coil. Further, with the double installation, if one breaks down the other is available and the work is not, arrested.
Mr. Wright, in his paper, implies that radiologists do not know what they want. We do not pretend to know how what we want is to be manufactured, but I think we may say that for radio-therapy we require a machine that will give us a current of very high potential, capable of operating a tube having a 12 to 14 in. spark gap; furthermore, it must be able to stand such potential for long periods without breaking down, and the current must be sufficient. to enable us to give a full dose through 4 to 5 mm. of aluminium in a reasonable time, say four to six minutes, or less. In the case of radiography such high potential is not necessary, but we want a machine that will enable us to obtain radiographs of the chest at a greater distance from the tube and in less time than is at present possible, and without an intensifying screen. In designing such a machine, I would suggest that the type of tube to be used must be taken into consideration. The current through a gas tube is dependent on the ionization of the gases in it by means of a high voltage current, and therefore an initial inertia of very high potential is necessary to produce this ionization. In the case of the Coolidge tube, this, of course, does not apply, and there is nothing gained by building up a coil of a higher potential than is actually required to operate the tube; what we want is sufficient potential and more current available at this potential.
Mr. BURNAND: I think the difference in the results obtained from the X-ray tube, excited by means of a coil, and alternatively by a transformer, is very largely due to the great rise in useful rays from a tube as the input is.
increased. If you take it that the output of useful rays varies as the cube of the applied voltage, you are likely to be under rather than over as a first approximation. If those curves of potential shown on the screen are plotted out on that cube basis, you will see the upper parts of the voltage curves are the only parts which matter as regards production of useful rays; the other chiefly heats up the tube.
Major Phillips gives us some rather tough figures to work to, if we are asked to supply transformers of 2,000,000 volts. I do not know much about X-ray tubes, but I know. enough about transformers to say that if anyone asked me for a 2,000,000-volt transformer I would refer him to somebody who knew very much more, or very much less, than I do about them! I believe a 1,000,000-volt transformer, or possibly one or two of them, have been made in the United States, and I believe they have worked at a million volts, though not for long. They would prefer to work them at 500,000 volts, and even that is a great undertaking. I have seen insulators for one of these 10 ft. long. For a 2-million volt, they would have to be about 30 ft. long. And, taking a 1-million volt transformer, described some time ago in the technical press, and judging by dimensions, it would cost something over £10,000, and probably would weigh over 20 tons. So I think those are out of it, for the time being.
The only hopeful part of the business is provided by the demonstration, which is, I consider, clear from the curves which have been thrown on the screen, showing the very short duration for which this high voltage is required. It is evident that the amount of energy required in the tube is a. comparatively small item. Although it seems impossible with present-day materials to keep that high voltage for any considerable period of time on the transformer, we might develop an apparatus which would maintain it long enough to give the required dosage for the tube; I think one two-hundredth of a second would be long enough. The apparatus I would propose for that would be, substantially, a transformer, but with an air gap in the magnetic circuit, and excited by a small direct current. By that means you can have a reasonably sized transformer, and you could pass for instance a direct current of about 500 watts for a matter of five seconds. That would be enough, and the energy represented by that would be mainly stored in the air-gap, could be discharged when the primary of the circuit is broken in one two-hundredth of a second; it would give you well over 200 kw. for that short period of discharge, allowing liberally for all losses, and I think it will satisfy any man owning a tube for a long time.
My object in bringing forward this proposal to-night is, that I am constructing such an apparatus. It will weigh about 2 tons, so it will not be very portable. Still, if any enthusiast would like to bring his tubes and test them, when it is ready, I will risk the transformer. We should get a show in any case, because we can regulate it; we have it under perfect control. I have a. variable air-gap, so that we can vary the intensity of the discharge as well as the quantity, and we can start at low value, and increase it until one or the other gives out. A useful feature is that with a given air-gap and* a given primary current there is always the same amount of energy stored in the system, and discharged when the primary circuit is broken.
The CHAIRMAN: I hope someone in the audience wil accept Mr.
Burnand's offer.
Mr. F. J. HARLOW: I think the first thing which should be taken into consideration in designing a generator for high tension current is the X-ray tube.
It is most important that we should decide definitely whether the gas or the hot cathode type of tube is going to be used, because there is a distinct difference in the characteristics of the two tubes and it is conceivable that the machine employed to develop the high tension current will have to be different in the two cases. I am convinced at any rate that little progress can be made in research by using the gas tube as one cannot control the various factors independently; for research, the hot cathode tube is indispensable in order that the conditions may be definitely fixed.
Slide No. 1, shows roughly the difference in the characteristic curves of the gas and hot cathode tubes. Curve (a) shows the way in which the current changes with voltage in the case of the gas tube, excepting probably the lower part which shows the kind of thing we should get if there were some source of ionization in the tube. As the voltage rises the current attains a saturation value, and it is not until we get ionization by collision in the tube that the current rises. It is the last portion of the curve-the portion corresponding to ionization by collision-that we have to deal with in the gas type of X-ray tube. In the hot cathode tube, on the other hand, we have a curve of the type (b) or (c), the former corresponding to the higher temperature of filament. For the lower voltage, the current is quite small, but it attains a certain saturation value which depends upon the temperature. If the saturation stage is reached, however much the voltage is increased, the current does not increase, a result quite different from that with a gas tube. It is thus conceivable that the most suitable wave-form may depend upon the type of tube used; at any rate, the characteristic curves must be borne in mind in interpreting any results such as those given by the oscilloscope. The paper which Dr. Morton has contributed describes the oscilloscope as indicating voltage; the oscilloscope indicates current approximately, not voltage, except in so far as the former is dependent upon the latter. The characteristic curves already shown reveal that the current is by no means proportional to the voltage. The next slide, No. 2, shows the result of an oscilloscope experiment I carried out after reading Dr. Morton s paper; it illustrates the point extremely well. The experiment was performed with a high-tensioln transformer kindly lent me by Sir Archibald Reid, and I believe it was one of the first to be made in this country. A hot cathode tube was used and for the lower voltages, curves approximating more or less to the sine form were obtained. As the voltage gradually rises, the indication of the oscilloscope follows the sequence of curves shown until at a certain stage the top begins to flatten out, and however much the voltage is increased beyond this point the current does not rise further, but we get an absolutely flat top at a constant height, the curve broadening out until its sides become almost vertical. From the character of these curves and bearing in mind the shape characteristic of the hot cathode tube, one would think tLhe dotted lines were voltage curves, but, owing to the saturation stage having been reached, they are not indicated in the oscilloscope. As a matter of fact, though I have not had time to take definite readings, it is quite obvious that if we plotted length of glow on the electrode of the oscilloscope against applied voltage we should have obtained the second curve shown in this slide which is similar to the characteristic curve (b) of the first slide.
Slide No. 3 shows some oscilloscope indications with the instrument in series with a hot-cathode tube excited by a 16 in. coil. I want to show you that the same sort of indication is obtained in this case. The first figure is for a low voltage. We get the initial peak, of which Dr. Morton makes so much, but the curve quickly tails down to zero. If a spark gap is introduced into the secondary circuit the effect, as shown in the second figure, is to cut off the tail, which means, as Dr. Morton concludes, the cutting off of low voltage current. It will be noticed that the milliamperage is reduced, although no alteration in the heating current was made. If the tube is hardened up by increasing the primary current, you will notice that the curve assumes quite a different form, the maximum height being the same as before-viz., that corresponding to the saturation current. The height was in fact, for the same heating current, exactly that obtained with the high tension transformer. The effect of a gap in the secondary is much the same as before, but there is the same saturation current with, however, a slight initial peak, not visible with the gap absent. I think this is due to an accumulation of electrons during the period of rest, and the more sudden application of the high voltage with the spark gap in the secondary gives a higher currentdensity for a very short interval, after which it settles down to the saturation current until the voltage again falls below the saturation value.
Slide No. 4 shows a similar experiment with a gas tube, and it is seen that a different result altogether is obtained. I need not go into details, for the sake of time. The various conditions are indicated on the slide. There are oscillations taking place after the initial maximum has been reached, and the height of the curve is very different for different conditions, a result which is to be expected from the nature of the characteristic curve. So, really, I do not think the oscilloscope can be taken to indicate voltage at all well; but the experiments I have made certainly agree with Dr. Morton's in showing that the effect of the spark gap in the secondary circuit is to cut out the low voltage current. I think the proper wave form is one in which the voltage rises immediately to the high value corresponding to the requisite penetration of ray, remains there for the time it is required, and then returns to zero, so that you do not get any of those low voltage currents passing at all.
It does not follow that there will be no soft radiation under these conditions, as seems to be supposed by many. Slide No. 5 shows the form of the continuous X-ray spectrum obtained with a constant voltage of 40,000 volts applied to the X-ray tube. The curve is copied from a paper by Duane and Hunt. You will notice that ionization as a measure of intensity is plotted vertically against wave-length horizontally. Although we have a constant voltage applied to the tube, it does not follow that we are getting homogeneous rays; in fact we get a whole spectrum, and it is just the minimum wave-length of this spectrum which is related to the voltage by the well-known quantum relationship. There is one other point of interest upon which I would like to touch, and I think it is important. Mr. E. J. Evans has carried out in my laboratory a series of experiments, the results of which are not yet published, but which he has kindly permitted me to mention. The quality of X-radiation from tubes excited by different machines has been examined by absorption methods. Slide No. 6 shows the type of result which is not altogether new except that the curves have been obtained under more practical conditions than previously. Similar results have been obtained by Russ and by Rutherford. The logarithms of the intensities of the radiation getting through various thicknesses of aluminium are plotted, and it will be observed that after absorption through 10 or 12 mm. the curves become straight, which indicates that the transmitted radiation is sensibly homogeneous. It would therefore appear that after transmission through the human body, assuming the absence of secondary characteristic radiation, or through a thick filter, the X-rays approach homogeneity. I do not think this fact is sufficiently well realized by radiologists.
Slide No. 7 shows the type of absorption curve, the ordinates in this case being a measure of intensity, and it will be seen to what a large extent the radiation is cut down by 10 mm. of aluminium. In the example given in the slide, taken from results with the American army pattern portable transformer, it amounts to as much as 94 per cent.-i.e., only 6 per cent. of the emitted radiation is transmitted through the aluminium.
We have been trying to correlate the hardness of the homogeneous end radiation obtained from various machines with the voltage applied to the tube, but without success. For the same spark gap different hardnesses of end radiation are obtained with different machines. We have used a coil, a Snook transformer, and an American portable transformer. Spheres of 5 cm. diameter have been used for measuring the equivalent spark gap. It appears, therefore, that the spark gap is not a proper indication of the hardness of the end radiation.
However, if we take a different criterion-viz., if we take the same hardness of end radiation for different machines, we find, on plotting out our absorption curves, that they are coincident within the limits of experimental error. It would, therefore, appear from this result-and we are hoping to investigate the matter more closely-that we get the same quality of radiation emitted from the tube by whichever type of machine we excite it, so long as the conditions are such that the same end radiation is produced. The surplus energy supplied, which is different apparently with the various maclines, is absorbed in the tube, and we have the same radiation emitted. The difference in the amount of energy supplied is probably the low voltage energy referred to earlier, which does not produce any useful X-rays. I think Mr. Evans' observations, if they prove ultimately to be correct, are extremely important, and will help to elucidate the problem of X-ray production.
In conclusion, I may say that I think the future of the question under discussion to-night depends very largely on the physicist. I do not think we are really in a position yet to tell the engineer exactly what we want. I would like to make an appeal to the manufacturers of X-ray apparatus. I think if they would lend apparatus to physicists who are working in this direction a great advance could be made. The difficulty at present is that with our limited tvpes of apparatus we are not able to vary the conditions of X-ray production sufficiently to enable us to ascertain in what direction improvements should be made.
Mr. H. M. DOWSETT (communicated): The important fact which has been established is that the milliampere discharge from an induction coil is much more efficient for radiography than the same current from a transformer. Mr. Wright is inclined to blame the induction coil ammeter for reading low, but there is no reason why this should be the case provided a hot-wire instrument is used with a period which is long compared with that of the coil interrupter, and it is constructed so that it is absolutely independent of frequency, instruments of this type being now easily obtainable. One advantage of the induction coil is that the highly damped discharge involves superposed current frequencies ranging from 500 cycles to 5,000 cycles and possibly higher, so that the initial current and potential rises are very steep and a minimum amount of energy is therefore wasted in heat before the potential applied to the tube reaches a value which is useful for radiography. The X-ray tube appears to be triggered by a fifth or ninth harmonic of the natural period of the coil secondary, while the working current is provided mainly by the fundamental and third harmonic. Another advantage is the interval between the discharges which enables the X-ray tube partly to de-ionize and also to cool. The result of this is that at the first moment of each discharge the electrons have an extra high speed, and as the temperature-rise is reduced the tube has a longer life. The interval is, however, needlessly long, particularly with large coils, and one object of design should be to lessen it. Before proceeding to offer some criticisms of suggestions put forward by one or two speakers, I should like to give my conception of how an induction coil works. A discussion of this subject should not be out of place here, and ought to be beneficial, particularly as no complete theory of the maachine has yet been evolved, although the useful investigations of W. H. Wilson in 1912 and E. Taylor Jones in 1914 may be mentioned as having added to our general knowledge. My conclusions are based on the results of some recent tests which I have made on a Marconi 10-in. coil. The induction coil comprises three tightly-coupled oscillatory circuits: (1) The secondary circuit which has a fixed period and is considerably damped, and comprises the secondary winding.
(2) The primary circuit which has an adjustable period and less damping than the secondary and comprises the primary winding and the coil condenser. (3) The interrupter circuit which has an extremely short period and high damping, and comprises the interrupter condenser, the leads to the interrupter, and the interrupter itself across which a discharge takes place as long as the directcurrent arc at the break continues. The secondary winding on open circuit oscillates as a coil with two free ends; the primary winding on spark load as a, coil with one free end, that connected to the condenser; the interrupter circuit with one side of the condenser (that connected to the mains) practically earthed, while the other side makes a strong capacity coupling to the primary winding. Energy is first stored up in the form of a magnetic field which cuts both the primary and secondary windings by passing a direct current through the primary. It is then released by the stoppage, more or less complete, of the direct current owing to the opening of the interrupter contacts, and back electromotive forces induced simultaneously in both circuits cause in-phase currents which flow iA one case into the interrupter condenser, and in the other into the self-capacity of the winding. If the coil is to produce the longest spark possible in the first oscillation the whole of the magnetic field must be available to be taken up by the secondary winding. This means that the magnetic energy taken up by the primary must be given up again to the iron within the period of the first oscillation of secondary current so that it can feed this oscillation. Such an adjustment is obtained when the primary circuit. has half the period of the secondary circuit. The primary oscillation then dies out feeding the secondary oscillation, being also damped by the resistance leakage across the interrupter contacts, and if a suitable spark discharge takes place all the coil energy disappears. But if the discharge is not complete and current remains in the secondary winding, it forces an oscillation at its own period back on the primary, which results in a leading current, high potential on the interrupter condenser, and a knocking break. As the interrupter contacts open and the direct current falls the back electromotive force produced by the falling magnetic field besides creating a rising condenser current also tends to maintain the direct current by an arc between the contacts. The sudden charge of the condenser, however, starts a high frequency current in the interrupter circuit which is superposed on the arc, upsets its unidirectional character and finally destroys it by its periodic oscillations through zero. I have not been able to trace any effect in the secondary circuit which can be said definitely to be due to the direct action of these high-frequency currents.
Indirectly, of course, the more effectively the arc is quenched the more magnetic energy is available for transformation into secondary current. Given a properly adjusted coil the maximum secondary voltage, and therefore the spark length, is proportional to (1) the magnetic field'and therefore the primary ampere-turns; (2) the proportion of this field cut by the secondary, and therefore the coupling between the two windings; (3) the rate at which the field dies away, and therefore the natural frequency of the secondary circuit; (4) ,.the inductance of the secondary winding; (5) the inverse of the decrement of the secondary circuit. The sudden method employed of starting oscillations in the two windings is a form of shock excitation and therefore results in the oscillations being full of harmonics. When a spark is taken at less than the maximum the current is not given time to rise to its full value, and the oscillations show the frequency of the harmonic corresponding to the shortened period. Some values obtained from the Marconi 10 in. coil experimented with are: Secondary winding inductance, 470 henries; secondary winding selfcapacity, 210 cm.; secondary winding resistance, 6,650 ohms: secondary winding natural frequency, 480 -per second; critical damping resistance, 2 84 by 100 ohms; coupling with primary circuit, 70 per cent.; proportion of total field taken up by secondary on open circuit, 41 per cent.; proportion of total field taken up by secondary on spark load, > 41 per cent. and < 70 per cent.; primary winding inductance, 00375 henry; primary winding resistance, 02 ohm; capacity of interrupter condenser, 07 mfd.; primary circuit natural frequency, 984 per second; critical damping resistance, 462'6 ohms; frequency of primary circuit oscillations from oscillogram, about 500 per second: interrupter circuit natural frequency, 265,300 per second; interrupter circuit inductance, 0 5 micro-henry; critical damping resistance, 1'73 ohms; interrupter vibrations max. spark length, 45 per second.
When sparking with a 4 in. bulb X-ray tube on 2 in. point spark: interrupter vibrations, 75 per second. Frequency of primary circuit oscillations from oscillograin, about 1,600 -per second. Some hard and some soft 4 in. X-ray tubes were tested and found to have resistances when un-ionized from 1'5 x 1012 ohms down to 3 x 1010 ohms and, when glowing, resistances which ranged from 15 x 106 ohms down to 1.5 x 106 ohms. The electrostatic capacity of such tubes is about 20 cm. It is clear from the above figures that if the spark discharge has a greater resistance than 3 megohms it will be entirely unidirectional, if it has a less resistance the discharge will be oscillatory, and in the case of some of the X-ray tubes tested each train should contain a few oscillations. But it must not be overlooked that as long as the electrostatic capacity of the tube is small compared with the self-capacity of the coil, there will be an oscillatory current in the secondary winding independent of whether the discharge is oscillatory or not. The resistances of air-gaps and tubes become less as ionization proceeds, and the second and third secondary winding oscillations may under certain conditions be quite useful in providing additional energy for the discharge at a lower potential. It should now be clear why a smaller wire than No. 36 copper, as mentioned by Major Phillips, does not give better results in the average coil. The same length of wire will take up smaller space so that both the self-capacity and the inductance will be greater and the resistance will also be greater. The period will therefore be slower, the maximum terminal potential difference and the secondary current will be less and the damping greater, and a larger condenser will be required across the interrupter. If aluminium wire is used which has the same gauge and insulation as the copper, the only constant altered will be the internal resistance. The maximum spark and secondary current will be less, and the heating in the winding will be greater, and the liability of the wire to break from ageing and mechanical shock will also be increased. The suggested use of oil for coil insulation would involve the use of a metal container. This would cause an increase in the capacity of the secondary winding, leading to a decrease in spark length, an increase in oscillation period, and, for best results, an increase in the capacity of the interrupter condenser. In comparing the induction coil with the high-tension transformer it is not fair to either to disregard the opposite principles by which they work. The induction coil is essentially a shock machine and gets rid of all its energy in the first kick of the current. The transformer either transmits the same amount of energy to the circuit every cycle, or else by the aid of resonance gradually works up the energy in the circuit to a maximum. An attempt to combine the two machines in one by injecting a condenser into the transformer circuit is likely to lead to the sacrifice of the best points of both of them. From the films shown by Dr. Morton, the King's College single-flash coil appears to have a period quite comparable with that of the supply used for the high-tension transformer. As each discharge in a spark train on the coil film appears to grow and fade away gradually, the wave-form must be more sinoidal and the oscillations less damped than is usual. This is to be expected from the size of the coil and its consequent high inductance. Finally, as regards the measurement of peak voltage, if the point gap is likely to give erratic readings, the sphere gap from its capacity is likely to introduce an error. A gap between two spheres each 10 in. in diameter and 5 in. apart will break down at 200,000 volts (maximum), but the capacity of these spheres will be 273 cm. which is quite comparable with the self-capacity of a coil likely to provide such a spark and will therefore reduce the coil terminal potential difference. To avoid such error the sphere gap could be charged through a suitable battery of high-tension thermionic valves which pass no reverse current, using a similar circuit to the one employed by Messrs. Paterson and Campbell1 for the measurement of magneto peak voltage, except that the sphere gap would replace the electrostatic voltmeter.
Mr. H. S. HOLBROOK (communicated): It is interesting to note that Dr. Morton and Major Phillips consider an inducti6n coil preferable to a transformer, and that the reason suggested is the form of the secondary E.M.F. wave as shown in fig. 1 of Dr. Morton's paper. If the penetration is proportional to the maximum value of the voltage it is easy to see that such a curve improves the penetration; but why should it give more actinism ? It would be useful if comparative tests were made on some other wave-forms, using for example a static influence machine or the new high-tension machine of Messrs. Evershed and Vignoles mentioned by Major Phillips. Have either of these authors ever obtained curves of the current through an X-ray tube by an oscillograph, cathode-ray tube or otherwise ? These curves could help to explain. the different heating of the tube when excited from a coil or from a transformer. The curves would not be the same shape as the voltage curves seeing that an X-ray tube has not a constant fixed resistance throughout the voltage cycle. With a constant resistance the heating is proportional at every instant to the 'Philosophical Magazine, 1q19, xxxvii, p. 301. at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from square of the current at that instant, and over a complete cycle of current the heating is proportional to the R.M.S. value of the current. This is usually a very different value from that shown by an ordinary milliammeter, which measures the average value of the current. Have either of the authors used in their experiments an instrument giving R.M.S. values of the tube current such as a thermo-ammeter? The wave-form shown in fig. 2 of Dr. Morton's paper is typical of a single-phase transform6r and. a mechanical rectifier. Has Dr. Morton ever tried a three-phase transformer and a set of six kenotrons (hot-cathode valve tubes) or other suitable rectifier? Such an arrangement gives a wave-form with a variation of only 13 per cent. from maximum to minimum-i.e., it varies from a maximum down to 87 per cent. of maximum value and then back again, unlike the single-phase arrangement which varies from a maximum to zero. In consequence the hardness of the X-rays from a tube excited from such a three-phase set would be very uniform, practically all the soft rays being eliminated. Moreover, for the same maximum voltage the three-phase transformer set would pass approximately 50 per cent. more current through an X-ray tube than a single-phase transformer operating under the same conditions would do. Would not this be a great advantage in therapy and the radiography of metals and help to shorten exposures ? I do not think there will be any difficulty in building transformers for any voltage that future developments may require. In the testing departments of cable makers and the big manufacturing companies there exist already many high-voltage transformers. For example, I have a photograph here of a single-phase transformer in the high-voltage laboratory of the General Electric Company of Schenectady, U.S.A. (makers of the Coolidge tube) which transformer is rated at 750,000 volts (R.M.S.) or for a peak voltage of over 1,000,000 volts. That transformer occupies a floor space of 13 ft. by 8 ft., is 15i ft. high to the top of the tank, and 28 ft. over the terminals. These dimensions are large, but are necessary to prevent the disastrous " effluve" mentioned by Mr. Wright. I can assure him that the average customer of power transformers will not tolerate the least sign of effluve or corona. It is common practice to test the terminals of such testing transformers by applying 50 per cent. over normal voltage in the dark. Of course the customer has to take the manufacturer's word that things are all right underneath the oil, but some customers call for the drawings and choosing a part they think looks doubtful pay for a full-size model of that part to be made and tested in a tank under oil, and again in the dark but with otherwise unimpeded vision, to see if they can detect the slightest sign of leakage. Another photograph which I have here shows a smaller transformer by the same company, rated at 300,000 volts (R.M.S.), and a further photograph shows an arc between terminals 43 in. apart. The arc was produced at an R.M.S. voltage of 362,000 or a peak of 510,000 volts and was 25 ft. long. I gather that the milliammeter reading of the current through the X-ray tube is no certain measure of the quantity of X-rays produced. Some years ago I heard of an " intensimeter" using a selenium cell which was said to indicate quantity directly. Have the authors had any experience in the use of such an instrument ?
